Introduction {#S0001}
============

Trachoma is a disease of global public health importance, putting about 200 million people across the world potentially at risk of blindness.^[1](#CIT0001),[2](#CIT0002)^ Visual impairment and blindness from trachoma occur as a result of corneal opacities, the outcome of healed corneal ulcers, which result from entropion, trichiasis, and alterations to the composition and volume of tears. These can be induced by trachoma-related scarring of the conjunctivae during resolution of episodes of active (inflammatory) trachoma.

There has been significant reduction in the prevalence of active trachoma globally in the last decade, owing to implementation of the WHO-recommended SAFE strategy **(S**urgery for trichiasis, **A**ntibiotics to clear infection, and promotion of **F**acial cleanliness and **E**nvironmental improvement to reduce transmission).^[1](#CIT0001),[2](#CIT0002)^ However, barely four years before the target set for global elimination of trachoma as a public health problem (GET2020)^[2](#CIT0002)^, both active and blinding stages of the disease are endemic in some parts of Northern Nigeria, as reported in recent surveys.^[3](#CIT0003)--[7](#CIT0007)^

To achieve the elimination of trachoma, there is need to conduct trachoma surveys in suspected districts where no data exist, to ascertain the magnitude of the disease. Only three of 16 Local Government Areas (LGAs--the equivalent of districts^[8](#CIT0008)^) of Taraba State, North Eastern Nigeria had previously been mapped.^[9](#CIT0009)^ The purpose of the current project was to determine the prevalence of trachomatous inflammation--follicular (TF) in children aged 1--9 years, and the prevalence of trichiasis among persons aged ≥15 years, in the outstanding 13 LGAs of Taraba State, so that the governments and partners could understand the need or otherwise for the establishment of a trachoma elimination programme.

Subjects and methods {#S0002}
====================

A series of LGA-level, population-based cross-sectional surveys were conducted between December, 2013 and February, 2014 in13 LGAs of Taraba State. Taraba State has 16 LGAs and an estimated population (projected from the 2006 census)^[10](#CIT0010)^ of 2,294,800. The sample size calculations, field team training and certification protocols, data collection, data processing and analysis techniques all followed the procedures of the Global Trachoma Mapping Project (GTMP),^[11](#CIT0011),[12](#CIT0012)^ which have been previously published.^[13](#CIT0013)^

Team training and fieldwork {#S0003}
===========================

Version 2 of the GTMP training system was used.^[12](#CIT0012)^ Each LGA was treated as a single evaluation unit. In each LGA, to attain the calculated sample of 1019 children aged 1--9 years, 25 villages (clusters) were sampled using a systematic technique with probability of selection proportional to the village size, and (based on the expectation of a household having a mean of two children aged 1--9 years), 25 households were then sampled in each selected village, using the random walk methodology.^[15](#CIT0015)--[18](#CIT0018)^

In each enrolled household, the head of the household or their proxy provided the information on sources of water for hygiene and drinking, and the type of facilities used for sanitation; these were confirmed through direct observation by field teams. GTMP-certified^[13](#CIT0013)^ graders proceeded to examine all members of the household aged one year and older, who had been resident in the household for at least 6 months. Consent was obtained from adults, while the parents/caregivers gave consent to examine the children. Graders used 2.5 × magnifying loupes, and assessed each subject for the signs of trichaisis, TF, and trachomatous inflammation--intense (TI). All findings were entered into the GTMP-LINKS app running on Android cell phones.^[13](#CIT0013)^

Ethical considerations {#S0004}
======================

The study was approved by the Ethics Committee of the London School of Hygiene & Tropical Medicine (LSHTM) (reference 6319) and the National Health Research Ethics Committee of Nigeria (NHREC/01/01/2007), while Taraba State Ministry of Health granted administrative approval. Verbal consent was obtained by the Research Assistant from each adult in a language he or she understood and parents provided consent for children. All individuals with trichiasis were referred to a nearby facility for corrective surgery provided by a trained surgeon; surgery was offered at no cost to the patient. Children with conjunctivitis, including active trachoma, received two tubes of 1% tetracycline eye ointment to be used for six weeks. Subjects with other ocular pathologies were also referred appropriately.

Definitions {#S0005}
===========

The WHO simplified grading scheme was used to grade trachoma.^[19](#CIT0019)^ Households were defined as individuals living in the same compound and eating from the same cooking pot. In concordance with conventions of the WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation (JMP), an improved water source was defined as a source of water that was constructed in such a way as to protect it from external contamination, particularly with faecal matter. An improved latrine was defined as any latrine that by virtue of its construction hygienically separated human excreta from human contact. We did not examine the eyes with trichiasis for evidence of scarring: WHO guidance to do so (in order to distinguish between trachomatous and non-trachomatous trichiasis) was not produced^[20](#CIT0020)^ until after this series of surveys was completed. We therefore refer to estimated prevalences of trichiasis, rather than of TT, in this paper.

Data management and analysis {#S0006}
============================

Data were managed according to GTMP protocols, as described elsewhere.^[13](#CIT0013)^ We used R statistical software (R core team, Austria, Vienna 2014)^[21](#CIT0021)^ for analysis. The main outcome indicators were the age-adjusted prevalence of TF in children aged 1--9 years, and the age- and gender-adjusted trichiasis prevalence in persons aged ≥15 years. Odds ratios to determine associations were calculated from the crude prevalences in Epi Info version 7.0, with statistical significance at p \< 0.05. We calculated the trichiasis backlog in each LGA by multiplying the estimated prevalence of trichiasis in persons aged ≥15 years by 56% of the total population in the LGA (56% of the Nigerian population is aged ≥15 years).^[10](#CIT0010)^ Confidence intervals were determined for each LGA by bootstrapping adjusted cluster-level proportions of each sign, and taking the 2.5th and 97.5th centiles of 10,000 replicates.

Results {#S0007}
=======

In the 13 LGAs combined, in 8,035 households, a total of 14,625 children 1--9 years (48.9% females) and 23,557 adults (58.3% females) aged ≥15 years consented to participate, and were examined. A further 340 children (2.1% of resident 1--9-year-olds) and 184 adults (0.7% of resident ≥15-year-olds) refused participation. One hundred and sixty nine children (1.1% of resident 1--9-year-olds) and 2,010 adults (7.8% of resident ≥15-year-olds) were absent on the day of the relevant survey team's visit. Fieldwork was completed by 15 teams.

The LGA-level prevalence of TF in children aged 1--9 years ranged from 0.0% to 5.0% ([Table 1](#T0001)). Across the 13 LGAs, the combined crude prevalence of TF in children 1--9 years old was 1.8% (95% CI: 1.6--2.1). The prevalence of TF in males (1.5%; 95% CI: 1.2--1.8) was significantly lower than in females (2.2%; 95% CI: 1.9--2.6); with an odds ratio of 1.5 (95% CI: 1.2--1.9; p = 0.001). Ussa LGA had the highest TF prevalence (5.0%; 95% CI: 3.4--7.2). [Table 1](#T0001) and [Figure 1](#F0001) show the distribution of TF across the LGAs.10.1080/09286586.2017.1368670-T0001Table 1.Local Government Area (LGA)-level prevalences of trachomatous inflammation--follicular (TF) and trichiasis, Taraba State, Nigeria, Global Trachoma Mapping Project, 2013--2014.LGAAge-adjusted TF Prevalence in 1--9- year-olds (%)95% Confidence IntervalAge- and gender-adjusted trichiasis prevalence in those aged ≥15 years (%)95% Confidence IntervalArdo Kola4.12.85.90.30.00.5Bali0.00.00.00.30.10.7Gassol0.40.20.70.10.00.3Ibi0.00.00.00.10.00.2Jalingo2.81.74.50.70.31.2Karim Lamido3.22.04.80.80.51.2Kurmi2.00.93.70.30.10.7Sardauna4.32.45.60.00.00.0Takum1.00.22.10.80.31.5Ussa5.03.47.20.10.00.2Wukari0.30.00.70.10.00.3Yorro0.30.00.90.00.00.0Zing1.40.62.40.20.00.510.1080/09286586.2017.1368670-F0001Figure 1.Prevalence of trachomatous inflammation--follicular (TF) in 1--9-year-old children, by Local Government Area, Taraba State, Nigeria, Global Trachoma Mapping Project, 2013--2014.

In persons aged ≥15 years, the combined crude trichiasis prevalence across the 13 LGAs surveyed was 0.5% (95% CI: 0.4--0.6). The prevalence in females (0.6%; 95% CI: 0.5--0.8) was significantly higher than in males (0.3%; 95% CI: 0.2--0.5); odds ratio 1.9 (95% CI: 1.3--2.9), p = 0.002. Seven of 13 LGAs had trichiasis prevalences above the threshold for elimination (0.2% in persons aged ≥15 years), with estimates ranging between 0.2% and 0.8% ([Table 1](#T0001)).^[19](#CIT0019)^

The backlog of trichiasis in these 13 Taraba LGAs (which had a combined estimated population of 1,959,375), was 3,185 people. There is a need to offer trichiasis surgery to at least 1,835 individuals with trichiasis across these 13 LGAs, in order to attain in each one the WHO-set prevalence target for unmanaged trichiasis within the definition of "elimination as a public health problem". As shown in [Table 2](#T0002) and [Figure 2](#F0002), seven of the 13 LGAs have trichiasis backlogs that need to be cleared to relegate trichiasis to the status of not being a public health issue.10.1080/09286586.2017.1368670-T0002Table 2.Local Government Area (LGA)-level estimates of the trichiasis backlog, Taraba State, Nigeria, Global Trachoma Mapping Project, 2013--2014.LGAEstimated population of persons aged ≥15 yearsTrichiasis prevalence in those aged ≥15 years (%)Estimated trichiasis BacklogNumber of people to be offered trichiasis operations to achieve the trichiasis component of "elimination of trachoma as a public health problem"Ardo Kola491590.314760Bali1181730.3355144Gassol1372480.11370Ibi472090.1470Jalingo785780.7550410Karim Lamido1085970.8868675Kurmi511170.315362Sardauna1256390.0000Takum753620.8602468Ussa508970.1500Wukari1334380.11330Yorro503240.000Zing715030.214316TOTAL1097250 3185183510.1080/09286586.2017.1368670-F0002Figure 2.Prevalence of trichiasis in adults aged ≥15 years, by Local Government Area, Taraba State, Nigeria, Global Trachoma Mapping Project, 2013--2014.

At least 80% of households in six (46%) of 13 LGAs could access washing water within 1 kilometre; however, only one of 13 LGAs had \>80% of households with access to improved latrines ([Table 3](#T0003)).10.1080/09286586.2017.1368670-T0003Table 3.Household-level access to washing water and improved latrines, by local government area (LGA), Taraba State, Nigeria, Global Trachoma Mapping Project, 2013--2014.LGAWashing water \<1 kilometre (%)Improved washing water access (%)Improved latrine access (%)Ardo Kola82.264.917.3Bali91.764.449.0Gassol85.735.978.2Ibi45.654.122.0Jalingo72.517.250.4Karim Lamido19.221.25.1Kurmi93.350.36.4Sardauna99.872.288.5Takum76.879.732.9Ussa95.255.810.9Wukari57.3546.011.8Yorro72.5855.514.5Zing64.4039.57.9

Discussion {#S0008}
==========

The prevalence of TF was less than 5% in all but one (Ussa) of the 13 LGAs of Taraba State mapped in this series of surveys. Previous studies (conducted in 2009) reported TF prevalences of 5.0% in Gashaka and 6.1% in Donga^[9](#CIT0009)^ which are LGAs that were not included in the present study. According to current recommendations, one round of high coverage antibiotic mass drug administration is indicated in Ussa LGA (and in Gashaka and Donga LGAs), in addition to implementation of the F & E components of the SAFE strategy; such an approach has proven highly effective in eliminating active trachoma elsewhere.^[22](#CIT0022)^ While there have been no specific trachoma elimination activities in Taraba since the 2009 surveys were conducted, disease prevalence is unlikely to have remained exactly the same as recorded then. Where water supply and sanitation conditions, education and/or access to health care have improved, the prevalence of trachoma is likely to have fallen.^[23](#CIT0023),[24](#CIT0024)^

This work established that of 13 LGAs mapped; only Sardauna LGA had at least 80% of its households having access to improved latrines. Although in six LGAs, residents of \>80% of households have to walk \<1 kilometre to access water for washing, improved latrines were accessible to \<50% of households in 10 of 13 LGAs. To maintain the low levels of active trachoma seen in this series of surveys, there is a need to sustain and improve upon F and E components of the SAFE strategy in all LGAs of Taraba State. Access to improved latrines is associated with lower risk of trachoma.^[25](#CIT0025)--[29](#CIT0029)^ Community awareness should be raised on the health benefits of using improved latrines. Government agencies and non-governmental organizations should mobilise needed resources to improve access to water and latrines, with full community participation and ownership. Sustainable Development Goal three foresees a world in which every community has access to clean water and improved sanitation.^[30](#CIT0030)^ Achieving this goal will have an impact on the elimination of trachoma and other neglected tropical diseases, and improve the quality of life of the populace.^[31](#CIT0031)^

Blindness from trachoma is thought to be preventable if good quality, corrective lid surgery is performed in persons with trachomatous trichiasis. Seven of the 13 LGAs included in this series of surveys had trichiasis prevalences of \>0.2% in persons aged ≥15 years, the level at which WHO considers trichiasis to represent a threat to public health.^[32](#CIT0032)^ The trichiasis backlog in the study area is 3185 people. Although at least 1835 people with (mostly bilateral) trichiasis will need to have corrective eyelid surgeries to achieve public health goals in seven LGAs, resources and structures should be put in place to continue providing this care to all those with trichiasis, including to deal with new cases that will inevitably occur in the coming years. Several previous studies have reported the magnitude of trichiasis backlogs elsewhere in Northern Nigeria,^[3](#CIT0003)--[7](#CIT0007),[14](#CIT0014)−[18](#CIT0018)^ and it is now abundantly clear that there are tens of thousands of people with sight-threatening complications of trachoma in this area. Ophthalmic nurses will need to be trained and retrained (according the guidelines provided by WHO^[33](#CIT0033)^) to provide corrective lid surgeries at community level for these people, in order to head off an avalanche of avoidable blindness. Presently, of the 36 ophthalmic nurses in active service in Taraba State, only three are trained trichiasis Surgeons. This number is unfortunately inadequate to provide the number of surgeries needed to provide the necessary services, and achieve the trachoma elimination targets.

Conclusion {#S0009}
==========

To eliminate trachoma in Taraba State, trichiasis surgery and provision of water and sanitation should be scaled up as soon as possible. There is a need for mass drug administration in Ussa LGA.
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